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Abstract

Treatment of breast cancer often exposes patients to many
different drugs. Some of these drugs have toxic effects
involving the cardiovascular system. This review provides
an overview of the drugs most commonly used to treat
breast cancer and their potential adverse impact on the
cardiovascular system. (J Patient-Centered Res Rev.
2014;1:133-136.)
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Introduction

The 5-year survival rate of women diagnosed with breast
cancer between 1975 and 1977 was 75.1% and for women
diagnosed from 2001 to 2007 was 90%. This improvement
in survival is primarily attributed to improvements in
screening and the treatment of breast cancer.1,2 Along with the
development of new drugs and improved survival has come
a whole new understanding of short- and long-term effects
of these treatments. It is estimated that in 2014 there will be
235,030 new cases of breast cancer (232,670 women and
2,360 men) diagnosed and 40,430 deaths from breast cancer
(40,000 women and 430 men),2 thus making the impact of
breast cancer treatment a meaningful concern. In this review
we will highlight the common cardiovascular toxicities of
drugs used to treat breast cancer and also mention some of
the lesser known toxicities.

Studies were then reviewed for applicability to the topic and
the data synthesized into a narrative form. Studies reporting
cardiovascular toxicity of multiple drugs in combination
were only included if those combinations were commonly
used in the treatment of breast cancer. Side effects with a
reported frequency of < 2% were generally excluded.

Results

Anthracyclines and Anthracenediones
The prototypical anthracycline drug in this class is
doxorubicin. Other drugs in this class that are commonly
used in breast cancer treatment include epirubicin and
the sole approved anthracenedione, mitoxantrone. Less
frequently used are liposomal doxorubicin and idarubicin.
Although myocardial damage causing clinical heart failure
or left ventricular dysfunction can be seen at low cumulative
doses of these agents, the risk increases as the cumulative
dose increases. In patients treated with doxorubicin, the
estimated incidence of heart failure is 3-5% at a cumulative
dose of 400 mg/m2, 7-26% at 550 mg/m2, and 18-48% at
700 mg/m2 of doxorubicin. The other anthracyclines and
mitoxantrone have less cardiac toxicity, but each has its own
unique cumulative cardiac dose limit.3

A search of the relevant literature using PubMed, Google
and Bing was carried out. Search terms included: the drug
name, cardiotoxicity, cardiovascular, toxicity, and cardiac.
Online resources, such as the Centers for Disease Control
and Prevention, National Cancer Institute, Food and Drug
Administration and UpToDate® websites, also were utilized.

The cardiac toxicity seen can be characterized as acute
and nonacute, with authors variously subdividing the
nonacute into subacute or early (onset less than 1 year after
exposure) and late (onset more than 1 year after completion
of treatment).3,4 Acute toxicity can include transient
arrhythmias, pericarditis-myocarditis and reversible
left ventricular dysfunction, which does not predict for
later heart failure.4 The most worrisome complication is
the nonacute toxicity of heart failure, which is usually
irreversible. Consensus guidelines have been developed
to manage heart failure due to anthracyclines and
anthracenediones.5
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Various strategies have been developed to try and reduce
the risk of heart failure. These have included changing the
schedule of administration, protective medications, and
avoidance of concomitant administration of other potentially
cardiotoxic medications.6

Methods
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Her2/neu Inhibitors
Trastuzumab is the first of this class of drugs to be released
to the market and was followed by lapatinib, pertuzumab and
T-DM1. The incidence of significant cardiotoxicity (primarily
manifest as heart failure) in trastuzumab-treated patients from
various trials was 3-7% when the drug was used as a single
agent and up to 28-34% when used in combinations, including
with drugs like doxorubicin. Fortunately, this cardiotoxicity
appears to respond to treatment and be reversible in a
large number of patients on discontinuation of the agent.7
Pertuzumab has demonstrated no evidence of cardiotoxicity in
studies to date. Lapatinib has a low likelihood of causing left
ventricular dysfunction (<2%).8 T-DM1 has a cardiotoxicity
rate similar to lapatinib.9 Unique among this class of drugs,
lapatinib causes an apparent dose-dependent prolongation of
the QT interval and electrocardiographic (ECG) monitoring
has been suggested (lapatinib [Tykerb] 2013 package insert,
GlaxoSmithKline Inc., Research Triangle Park, NC).10

ventricular dysfunction differs for each, with docetaxel
being less commonly implicated (2.3-8%) than paclitaxel
(5-15%). However, the higher incidence of heart failure with
paclitaxel is predominantly seen when it is combined with
doxorubicin and is possibly due to the effects of paclitaxel
on doxorubicin metabolism.3,13

Recognizing the risks of cardiac dysfunction in patients
treated with trastuzumab, investigators have established
suggested monitoring intervals for echocardiograms.5 New
data have emerged suggesting that serologic markers, in
particular troponin I levels, may provide some predictive
insights for this condition as well.11

Other Microtubule-Targeting Drugs
This class includes drugs such as the vinca alkaloids
(vincristine, vinblastine and vinorelbine), eribulin and
ixabepilone. In contemporary practice vincristine and
vinblastine are infrequently used to treat breast cancer,
but vinorelbine is a standard part of the armamentarium in
the management of patients with metastatic breast cancer.
Cardiotoxicity of vinca alkaloids is rare. Eribulin’s most
common side effects are neutropenia, fatigue and peripheral
neuropathy,17 but an open-label ECG study demonstrated QT
prolongation in a small number of patients. Consequently,
the package insert recommends ECG monitoring if the
drug is used in patients with congestive heart failure,
bradyarrhythmias, electrolyte abnormalities, or who take
drugs known to prolong the QT interval (eribulin [Halaven]
2013 package insert, Eisai Inc., Woodcliff Lake, NJ).
Ixabepilone’s most common nonhematologic toxicity is
neuropathy.18-21 In one study,18 7 of 48 patients were reported
to have “general” adverse cardiovascular effects (not
specified). Using the National Cancer Institute Common
Terminology Criteria for Adverse Events, 5 of these 7
patients were classified as grade 1 or 2, 2 were grade 3,
and none were grade 4. None of these cardiotoxicities were
reported to cause discontinuation of therapy.

Fluoropyrimidines
5-fluorouracil (5-FU) and its prodrug capecitabine have
a different spectrum of cardiovascular toxicity than the
aforementioned agents. Their cardiovascular toxicity is
primarily related to ischemic cardiac events and is manifested
by angina chest pain.12 For 5-FU, the reported incidence of
cardiotoxicity varies from 1-68% and usually appears within
2-5 days after the start of treatment.3 In the case of capecitabine,
the incidence ranges from 3-9% and onset of angina symptoms
can occur from 3 hours to 4 days after starting treatment.10 Not
unexpectedly, patients experiencing angina with 5-FU also
may have the same symptoms with capecitabine.
Risk factors for cardiotoxicity include cardiac complications
with another agent of this class, known coronary artery
disease, continuous infusions, doses of 5-FU exceeding
800 mg/m2, prior mediastinal radiation, and concomitant
administration of other chemotherapeutic agents.3,10 The
condition should be treated in the same fashion as one
treats ischemic cardiac disease, with the additional action of
immediately stopping the fluoropyrimidine drug.
Taxanes
The microtubule-targeting drugs, paclitaxel and docetaxel,
are both used to treat breast cancer. The incidence of left
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The most frequently described cardiac effects of paclitaxel
are bradycardia and heart block,14 but these are not seen with
docetaxel. The arrhythmogenic effects of paclitaxel may be
related to the vehicle in which it is diluted (Cremophor EL),
which induces histamine release.
Docetaxel is associated with a distinct capillary leak
syndrome that is caused by a capillary protein leakage and
which can lead to peripheral edema, weight gain, pulmonary
edema and hypoproteinemia.15 Steroid pretreatment has
significantly reduced the incidence of this syndrome.16

Alkylating Agents
The commonly used drugs in this class include
cyclophosphamide and cisplatin (considered a bifunctional
alkylator). Another formerly popular agent was thiotepa,
but this is rarely used now. Cyclophosphamide has been
reported to cause cardiotoxicity but only when used in high
doses such as those used in regimens designed to prepare
Reviews

patients for bone marrow transplantation.10 The toxicity
can include such conditions as asymptomatic pericardial
effusions and heart failure. One study reported that 9 of
39 breast cancer patients prepared with 3 consecutive days
of cyclophosphamide (2000 mg/m2 per day) and thiotepa
(200 mm/m2 per day) experienced arrhythmias. Four of
these occurred during stem cell infusion.22
Cisplatin is rarely associated with acute cardiovascular
toxicities.10 Given the large amount of fluids usually
administered with cisplatin infusions, careful attention must
be paid to avoid hypervolemia and electrolyte disturbances.

Discussion

We are now entering an era in which, in many women, we are
able to prolong survival enough to begin thinking of breast
cancer as a chronic disease. This means that when treating these
patients, we must constantly keep in mind both the short- and
long-term implications of our treatment strategies and choices.
Factors that increase the risk of developing cardiotoxicity
(Table 14,23,24) must be considered as well. In recognition of
the need to predict and prevent the cardiovascular toxicity
of chemotherapeutic agents, work has already begun on the
development of protocols for monitoring and early detection
of cardiotoxicity, with some guidelines already published. The
guidelines are primarily empiric, representing expert opinion
with some evidence to support them. Prudence would suggest
the benefit of low-risk monitoring procedures, but costs also
must be considered. Proposals for techniques and treatments
to reduce the risk of cardiotoxicity have been postulated.4,5,23-25
These advances will foster greater collaboration between
cardiologists and oncologists as we strive towards the common
goal of healthier, more functional patients living longer with a
better quality of life.
Table 1. Cardiovascular Risk Factors in Patients Receiving
Chemotherapy4,25,27
Extremes of age (<15 or >65 years)
Preexisting cardiac risk factors (e.g. tobacco use,
hypertension, coronary artery disease, dyslipidemia,
diabetes mellitus, left ventricular dysfunction)
Chest/chest wall irradiation
Cumulative doxorubicin dose >450 mg/m2
Anthracyclines combined with chest/chest wall radiation

Conclusions

The information contained in this paper provides a resource
for clinicians involved in the care of patients with breast
cancer. Breast cancer is one of the most common cancers
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that oncologists treat. Since a significant number of these
patients will be exposed to chemotherapeutic agents at
some time during the course of their treatment, it behooves
all clinicians involved in the care of men and women with
breast cancer to familiarize themselves with these drugs
and their potential cardiovascular adverse effects. Although
specific management recommendations are beyond the
scope of this article, guidelines do exist and are available
to the clinician to assist in patient management. Key to the
successful management of potential cardiovascular toxicities
is collaboration between oncologists and cardiologists.
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